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(57) ABSTRACT 

A scalable two-transistor memory (STTM) device includes a 
planar transistor and a vertical transistor on a semiconductor 
substrate. The planar transistor includes spaced apart metal 
silicide source/drain regions on the substrate and a ?oating 
gate electrode on the substrate between the metal silicide 
source/drain regions that controls a channel region of the 
planar transistor. The vertical transistor includes a tunnel 
junction structure on the ?oating gate electrode and a control 
gate electrode on a sidewall of the tunnel junction structure 
that controls a channel region of the vertical transistor. 
Related methods of forming STTM devices are also dis 
cussed. 

6 Claims, 6 Drawing Sheets 
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FIG. 1 (PRIOR ART) 
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FIG. 2 (PRIOR ART) 
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FIG. 6 
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FIG. 8 
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METHODS OF FABRICATING SCALABLE 
TWO-TRANSISTOR MEMORY DEVICES 

HAVING METAL SOURCE/DRAIN REGIONS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims priority from Korean Patent Appli 
cation No. 10-2004-0046962, ?led on Jun. 23, 2004, in the 
Korean Intellectual Property Of?ce, the disclosure of Which is 
hereby incorporated by reference herein in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to semiconductor devices, 

and more particularly, to scalable tWo-transistor memory 
devices and methods of fabricating the same. 

2. Description of the Related Art 
Scalable tWo-transistor memory (STTM) cells may offer 

advantages of both Dynamic Random Access Memory 
(DRAM) and ?ash memory devices. STTM cells are nonvola 
tile memory devices requiring no refresh, Which may offer 
advantages such as high-speed operation, loW poWer con 
sumption, and high packing density. 

FIG. 1 is an equivalent circuit diagram of a conventional 
STTM cell. FIG. 2 is a cross-sectional vieW illustrating the 
STTM cell structure shoWn in FIG. 1. The equivalent circuit 
diagram shoWn in FIG. 1 illustrates a single unit cell, While 
the STTM cell structure shoWn in FIG. 2 illustrates tWo unit 
cells that share a common source region. 

Referring noW to FIG. 1, the STTM cell includes tWo 
transistors: a planar transistor PT, and a vertical transistor VT 
that is formed on the planar transistor PT. The planar transis 
tor PT includes a source region connected to a ?rst Word line 
104 and a drain region connected to a sensing line 102. A 
?oating gate conductive layer FG is formed on a channel 
forming region betWeen the source region and the drain 
region on a gate insulating layer. The ?oating gate conductive 
layer FG forms the gate electrode for the planar transistor PT. 
The ?oating gate conductive layer FG also forms a drain 
region for the vertical transistorVT. The vertical transistor VT 
includes a multiple tunnel junction structure 110 formed on 
the ?oating gate conductive layer PG and a control gate con 
ductive layer and a data line conductive layer respectively 
connected to a control line 106 and a second Word line 108. 
A cross-sectional vieW of the STTM cell of FIG. 1 Will noW 

be described With reference to FIG. 2. An active region 
de?ned by an isolation layer 204 is formed in a portion of a 
p-type Well region 202 on a semiconductor substrate 200. A 
common source region 206 is formed in the active region, and 
a drain region 208 is formed in the active region on each side 
of the common source region 206. The common source region 
206 is connected to the ?rst Word line 104 of FIG. 1, and the 
drain region 208 is connected to the sensing line 102 of FIG. 
1. A region betWeen the source region 206 and each drain 
region 208 forms a channel forming region 210 Where an 
inversion layer channel may be formed. A gate insulating 
layer 212 is formed on the channel forming region 210, and a 
?oating gate conductive layer 214 is formed thereon. The 
?oating gate conductive layer 214 forms a gate electrode for 
the planar transistor PT. Accordingly, the source region 206, 
the drain region 208. the channel forming region 210. the gate 
insulating layer 212, and the ?oating gate conductive layer 
214 form the planar transistor PT of FIG. 1. 

Still referring to FIG. 2, a multiple tunnel junction structure 
MT] is formed on the ?oating gate conductive layer 214. The 
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2 
multiple tunnel junction structure MT] is formed by sequen 
tially stacking a ?rst tunnel barrier layer 216, a ?rst channel 
conductive layer 218, a second tunnel barrier layer 220, a 
second channel conductive layer 222, and a third tunnel bar 
rier layer 224. A data line conductive layer 226 connected to 
a data line (i.e., the second Word line 108 shoWn in FIG. 1) and 
an insulating layer 228 are sequentially formed on the mul 
tiple tunnel junction structure MT]. The ?oating gate conduc 
tive layer 214, the multiple tunnel junction structure MT], the 
data line conductive layer 226, and the insulating layer 228 
are surrounded by a sideWall insulating layer 230. A control 
gate conductive layer 232 connected to the control line 106 is 
formed on the sideWall insulating layer 230. Accordingly, the 
?oating gate conductive layer 214 forms a drain region, the 
multiple tunnel junction structure MT] forms a channel 
region, the data line conductive layer 226 forms a source 
region, the sideWall insulating layer 230 forms a gate insulat 
ing layer, and the control gate conductive layer 232 forms a 
gate electrode for the vertical transistor VT of FIG. 1. 

In a conventional STTM cell structure as described above, 
charges may be stored in the ?oating gate conductive layer 
214 using a tunneling phenomenon produced by applying a 
predetermined voltage to the ?oating gate conductive layer 
214. The charges may penetrate through tunnel barrier layers 
formed betWeen the channel conductive layers of the vertical 
transistor VT, thereby forming a channel in the multiple tun 
nel junction structure MT] in a vertical direction. As a result, 
performance of the STTM cell may not be degraded even 
When the Widths of the ?oating gate conductive layer 214, 
multiple tunnel junction structure MT], and data line conduc 
tive layer 226 are reduced, because the channel is formed 
vertically. However, in the planar transistor PT, When the 
distance betWeen the source region 206 and the drain region 
208 is decreased, short channel effects may occur, thereby 
degrading performance. Although the source region 206 and 
the drain region 208 can be formed to a shalloWer junction 
depth to alleviate short channel effects, such an approach has 
its limits. Further, the resistance of the source region 206 and 
the drain region 208 may be increased, Which may also 
degrade performance of the device. 

SUMMARY OF THE INVENTION 

According to some embodiments of the present invention, 
a scalable tWo-transistor memory (STTM) device may 
include a planar transistor and a vertical transistor on a semi 
conductor substrate. The planar transistor may include spaced 
apart metal silicide source/drain regions on the substrate and 
a ?oating gate electrode on the substrate betWeen the metal 
silicide source/ drain regions that controls a channel region of 
the planar transistor. The vertical transistor may include a 
tunnel junction structure on the ?oating gate electrode and a 
control gate electrode on a sideWall of the tunnel junction 
structure that controls a channel region of the vertical tran 
sistor. 

In some embodiments, the metal silicide source/drain 
regions may be tungsten silicide regions, nickel silicide 
regions, and/ or erbium silicide regions. 

In other embodiments, the tunnel junction structure may 
include at least one channel conductive layer and at least one 
tunnel barrier layer alternately stacked in a vertical direction 
on the ?oating gate electrode. The tunnel barrier layer may be 
a silicon nitride layer. The channel conductive layer may be 
an intrinsic polysilicon layer and/ or a polysilicon layer doped 
With p-type impurity ions. 

In yet other embodiments, the STTM device may further 
include a data line conductive layer on the tunnel junction 
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structure. The data line conductive layer may be a polysilicon 
layer doped With n-type impurity ions. The ?oating gate elec 
trode may be a polysilicon layer doped With n-type impurity 
ions. 

According to further embodiments of the present inven 
tion, a semiconductor memory device may include spaced 
apart metal-containing source/drain regions on a semicon 
ductor substrate, a ?oating gate storage node on the substrate 
betWeen the metal-containing source/drain regions, a tunnel 
junction structure comprising a tunnel junction barrier layer 
and a channel conductive layer on the ?oating gate storage 
node, and a control gate electrode on a sideWall of the tunnel 
junction structure. 

In some embodiments, the metal-containing source/drain 
regions may be metal silicide regions formed on the substrate. 

In other embodiments, the tunnel junction structure may 
include a plurality of channel conductive layers and tunnel 
barrier layers alternately stacked in a vertical direction on the 
?oating gate storage node. 

According to some embodiments of the present invention, 
a method of forming a scalable tWo-transistor memory 
(STTM) device may include forming a vertical transistor 
having a storage node on a semiconductor substrate. The 
vertical transistor may include a tunnel junction structure on 
the storage node and a control gate electrode on a sideWall of 
the tunnel junction structure that controls a channel region of 
the vertical transistor. The method may further include form 
ing a planar transistor having spaced apart metal-containing 
source/drain regions on the substrate adjacent respective 
opposite sides of the storage node of the vertical transistor. 
The storage node of the vertical transistor may form a ?oating 
gate electrode that controls a channel region of the planar 
transistor. 

In some embodiments, forming a vertical transistor may 
include forming a storage node on a surface of the substrate. 
A tunnel junction structure including a tunnel barrier layer 
and a channel conductive layer may be formed on the storage 
node. SideWall insulating layers and a control gate electrode 
may be formed on opposing sideWalls of the tunnel junction 
structure. 

In other embodiments, forming a planar transistor may 
include forming metal layers on the substrate adjacent respec 
tive opposite sides of the storage node, and performing a 
silicidation process on the substrate to form spaced apart 
metal silicide source/drain regions on the substrate prior to 
forming the control gate electrode. The metal silicide source/ 
drain regions may be formed of tungsten silicide, nickel sili 
cide, and/or erbium silicide. 

In some embodiments, forming the vertical transistor may 
include forming a data line conductive layer on the tunnel 
junction structure prior to forming the control gate electrode. 

In other embodiments, forming the tunnel junction struc 
ture may include alternately forming a plurality of tunnel 
barrier layers and channel conductive layers on the ?oating 
gate electrode. 

In some embodiments, the storage node may be a polysili 
con layer doped With n-type impurity ions, the tunnel barrier 
layers may be silicon nitride layers, the channel conductive 
layers may be intrinsic polysilicon layers and/or polysilicon 
layers doped With p-type impurity ions, and the data line 
conductive layer may be a polysilicon layer doped With 
n-type impurity ions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates an equivalent circuit diagram of a con 
ventional STTM cell. 
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4 
FIG. 2 is a cross-sectional vieW illustrating a structure of 

the conventional STTM cell of FIG. 1. 
FIG. 3 is a cross-sectional vieW illustrating a structure of a 

STTM cell according to some embodiments of the present 
invention. 

FIG. 4 illustrates an energy band diagram at a metal-semi 
conductor junction in a planar transistor of the STTM cell of 
FIG. 3. 

FIGS. 5 through 10 are cross-sectional vieWs illustrating 
exemplary operations for fabricating STTM cells according 
some embodiments of the present invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

The present invention Will be described more fully herein 
after With reference to the accompanying draWings, in Which 
exemplary embodiments of the invention are shoWn. HoW 
ever, this invention should not be construed as limited to the 
embodiments set forth herein. Rather, these embodiments are 
provided so that this disclosure Will be thorough and com 
plete, and Will fully convey the scope of the invention to those 
skilled in the art. In the draWings, the thickness of layers and 
regions are exaggerated for clarity. Like numbers refer to like 
elements throughout. 

It Will be understood that When an element such as a layer, 
region or substrate is referred to as being “on” or extending 
“onto” another element, it can be directly on or extend 
directly onto the other element or intervening elements may 
also be present. In contrast, When an element is referred to as 
being “directly on” or extending “directly onto” another ele 
ment, there are no intervening elements present. It Will also be 
understood that When an element is referred to as being “con 
nected” or “coupled” to another element, it can be directly 
connected or coupled to the other element or intervening 
elements may be present. In contrast, When an element is 
referred to as being “directly connected” or “directly 
coupled” to another element, there are no intervening ele 
ments present. 

It Will also be understood that, although the terms ?rst, 
second, etc. may be used herein to describe various elements, 
these elements should not be limited by these terms. These 
terms are only used to distinguish one element from another. 
For example, a ?rst element could be termed a second ele 
ment, and, similarly, a second element could be termed a ?rst 
element, Without departing from the scope of the present 
invention. 

Furthermore, relative terms, such as “loWer” or “bottom” 
and “upper” or “top,” may be used herein to describe one 
element’ s relationship to another elements as illustrated in the 
Figures. It Will be understood that relative terms are intended 
to encompass different orientations of the device in addition 
to the orientation depicted in the Figures. For example, if the 
device in one of the ?gures is turned over, elements described 
as being on the “loWer” side of other elements Would then be 
oriented on “upper” sides of the other elements. The exem 
plary term “loWer”, can therefore, encompasses both an ori 
entation of “loWer” and “upper,” depending of the particular 
orientation of the ?gure. Similarly, if the device in one of the 
?gures is turned over, elements described as “beloW” or 
“beneath” other elements Would then be oriented “above” the 
other elements. The exemplary terms “beloW” or “beneath” 
can, therefore, encompass both an orientation of above and 
beloW. 

The terminology used in the description of the invention 
herein is for the purpose of describing particular embodi 
ments only and is not intended to be limiting of the invention. 
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As used in the description of the invention and the appended 
claims, the singular forms “a”, “an” and “the” are intended to 
include the plural forms as Well, unless the context clearly 
indicates otherwise. It Will also be understood that the term 
“and/or” as used herein refers to and encompasses any and all 
possible combinations of one or more of the associated listed 
items. 

Embodiments of the invention are described herein With 
reference to cross-section illustrations that are schematic 
illustrations of idealiZed embodiments (and intermediate 
structures) of the invention. As such, variations from the 
shapes of the illustrations as a result, for example, of manu 
facturing techniques and/or tolerances, are to be expected. 
Thus, embodiments of the invention should not be construed 
as limited to the particular shapes of regions illustrated herein 
but are to include deviations in shapes that result, for example, 
from manufacturing. For example, an implanted region illus 
trated as a rectangle Will, typically, have rounded or curved 
features and/ or a gradient of implant concentration at its 
edges rather than a binary change from implanted to non 
implanted region. Likewise, a buried region formed by 
implantation may result in some implantation in the region 
betWeen the buried region and the surface through Which the 
implantation takes place. Thus, the regions illustrated in the 
?gures are schematic in nature and their shapes are not 
intended to illustrate the actual shape of a region of a device 
and are not intended to limit the scope of the invention. 

Unless otherWise de?ned, all terms used in disclosing 
embodiments of the invention, including technical and scien 
ti?c terms, have the same meaning as commonly understood 
by one of ordinary skill in the art to Which this invention 
belongs, and are not necessarily limited to the speci?c de? 
nitions knoWn at the time of the present invention being 
described. Accordingly, these terms can include equivalent 
terms that are created after such time. All publications, patent 
applications, patents, and other references mentioned herein 
are incorporated by reference in their entirety. 

FIG. 3 is a cross-sectional vieW illustrating the structure of 
a STTM cell according to some embodiments of the present 
invention, in Which tWo unit cells are illustrated. 

Referring to FIG. 3, the STTM cell is constructed such that 
a single unit cell includes tWo transistors, i.e., a planar tran 
sistor and a vertical transistor. The planar transistor includes 
a ?rst metal-containing source/drain region 306, a second 
metal-containing source/drain region 308, a gate insulating 
layer 312, and a ?oating gate conductive layer 314. The 
vertical transistor includes the ?oating gate conductive layer 
314, a data line conductive layer 326, a multiple tunnel junc 
tion structure MT], a side insulating layer 330, and a control 
gate conductive layer 332. 
More particularly, a p-type Well region 302 is formed on a 

semiconductor substrate 300. The p-type Well region 302 has 
an active region de?ned by an isolation layer 304. The isola 
tion layer 304 may be formed in a trench surrounding the 
active region, using a process such as local oxidation of 
silicon (LOCOS). The ?rst metal-containing source/drain 
region 306 and the second metal-containing source/drain 
region 308 are spaced apart from each other in the active 
region adjacent an upper surface of the p-type Well region 
302. An inversion layer channel can be formed in a portion of 
the active region betWeen the ?rst metal-containing source/ 
drain region 306 and the second metal-containing source/ 
drain region 308, referred to hereinafter as the channel form 
ing region 310 of the planar transistor. The ?rst metal 
containing source/drain region 306 and the second metal 
containing source/drain region 308 may be respective metal 
silicide regions, for example, CoSi2, NiSi2 or ErSi2 regions. 
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6 
As such, a junction betWeen the ?rst metal-containing source/ 
drain region 306 and the p-type Well region 302, and a junc 
tion betWeen the second metal-containing source/drain 
region 308 and the p-type Well region 302, may form a schot 
tky junction. The gate insulating layer 312 is formed on the 
channel forming region 310, and the ?oating gate conductive 
layer 314 is formed on the gate insulating layer 312. The gate 
insulating layer 312 may be a silicon oxide layer, and the 
?oating gate conductive layer 314 may be a polysilicon layer. 
The ?oating gate conductive layer 314 acts as a gate electrode 
for the planar transistor. Accordingly, the ?rst metal-contain 
ing source/ drain region 306, the second metal-containing 
source/drain region 308, the channel forming region 310, the 
gate insulating layer 312, and the ?oating gate conductive 
layer 314 form the planar transistor. 

Still referring to FIG. 3, the multiple tunnel junction struc 
ture MT] is formed on the ?oating gate conductive layer 314. 
The multiple tunnel junction structure MT] is formed by 
sequentially stacking a ?rst tunnel barrier layer 316, a ?rst 
channel conductive layer 318, a second tunnel barrier layer 
320, a second channel conductive layer 322, and a third tunnel 
barrier layer 324. The ?rst tunnel barrier layer 3 1 6, the second 
tunnel barrier layer 320, and the third tunnel barrier layer 324 
may be respective silicon nitride layers. The ?rst channel 
conductive layer 3 18 and the second channel conductive layer 
322 may be respective undoped intrinsic polysilicon layers, 
or, alternatively, polysilicon layers doped With p-type impu 
rity ions. It Will be understood that additional tunnel barrier 
layers and/ or channel conductive layers may be included in 
some embodiments of the present invention. 
A data line conductive layer 326 and an insulating layer 

328 are formed on the third tunnel barrier layer 324 on the 
uppermost surface of the multiple tunnel junction structure 
MT]. The data line conductive layer 326 is connected to a data 
line, such as the second Word line 108 of FIG. 1. The data line 
conductive layer 326 may be a double layer, such as a poly 
silicon layer and a metal silicide layer, and the insulating layer 
328 may be a double layer, such as a silicon nitride layer and 
a silicon oxide layer. The ?oating gate conductive layer 314, 
the multiple tunnel junction structure MT], the data line con 
ductive layer 326, and the insulating layer 328 are surrounded 
by a sideWall insulating layer 330. The sideWall insulating 
layer 330 may be a silicon oxide layer. A control gate con 
ductive layer 332 is formed on the sideWall insulating layer 
330. Accordingly, the vertical transistor is formed, including 
the ?oating gate conductive layer 314 as the drain region, the 
multiple tunnel junction structure MT] as the channel region, 
the data line conductive layer 326 as the source region, the 
side insulating layer 330 as the gate insulating layer, and the 
control gate conductive layer 332 as the gate electrode. 
As such, a scalable tWo-transistor memory (STTM) device 

is formed including a planar transistor and a vertical transis 
tor. The planar transistor includes spaced apart metal silicide 
source/drain regions on a semiconductor substrate and a 
?oating gate electrode on the substrate betWeen the metal 
silicide source/ drain regions that controls a channel region of 
the planar transistor. The vertical transistor includes a tunnel 
junction structure on the ?oating gate electrode and a control 
gate electrode on sideWalls of the tunnel junction structure 
that controls a channel region of the vertical transistor. 

FIG. 4 illustrates an energy band diagram at a metal-semi 
conductor junction in the planar transistor of the STTM cell of 
FIG. 3. 

Referring to FIG. 4, the junction of the ?rst metal-contain 
ing source/drain region 306 and the channel forming region 
310 and the junction of the second metal-containing source/ 
drain region 308 and the channel forming region 310 consti 
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tute respective schottky junctions. The channel forming 
region 310 exhibits a relatively high energy level When the 
device is in an “off” state, as illustrated by dotted line 420. 
However, the channel forming region 3 10 exhibits a relatively 
loWer energy level in a vicinity of the junction With the ?rst 
metal-containing source/drain region 306 When the device is 
in an “on” state, as illustrated by solid line 410, such that 
electrons from the ?rst metal-containing source/ drain region 
3 06 (i .e., the source region) may penetrate through the energy 
barrier and enter the channel forming region 310. The elec 
trons may then ?oW to the second metal-containing source/ 
drain region 308 (i.e., the drain region). Accordingly, memory 
cell structures according to embodiments of the present 
invention may provide improved electrical characteristics, 
even When a length of the channel forming region 310 
betWeen the ?rst metal-containing source/drain region 306 
and the second metal-containing source/drain region 308 is 
decreased, as only a Width d of the energy barrier is decreased 
While a height of the energy barrier is maintained. Conse 
quently, electrons from the ?rst metal-containing source/ 
drain region 306 may enter the channel forming region 310 
more easily. In other Words, despite the decrease in distance 
betWeen the ?rst metal-containing source/drain region 306 
and the second metal-containing source/drain region 308 due 
to increased device integration density, short channel effects 
may be reduced and/or avoided. Also, operating characteris 
tics of the device may be further improved. 

Programming operations in STTM cells according to some 
embodiments of the present invention Will noW be described. 
First, a data voltage is applied to the data line conductive layer 
326 via the data line, and a program voltage is applied to the 
control gate conductive layer 332 via a control line. Accord 
ingly, a barrier height betWeen the data line conductive layer 
326 and the ?oating gate conductive layer 314 is decreased, 
thereby generating a tunneling current that penetrates through 
the tunnel barrier layers 316, 320, and 324 Within the multiple 
tunnel junction structure MT]. The charges that make up the 
tunneling current are stored Within the ?oating gate conduc 
tive layer 314. This alters the threshold voltage of the planar 
transistor. For example, When electrons are stored Within the 
?oating conductive layer 314, the threshold voltage of an 
n-type planar transistor is increased. 

In order to read data stored Within the STTM cell, a read 
voltage is applied to the control gate conductive layer 332, 
and a voltage of a suitable magnitude is applied to the ?rst 
metal-containing source/drain region 306 (i.e., the source 
region) of the planar transistor. Then, the read voltage applied 
to the control gate conductive layer 332 is coupled to the 
?oating gate conductive layer 314. The voltage at the ?oating 
gate conductive layer 314 forms an inversion layer channel at 
the channel forming region 310, alloWing current to ?oW from 
the ?rst metal-containing source/ drain region 306 to the sec 
ond metal-containing source/drain region 308. More particu 
larly, When the threshold voltage of the planar transistor is 
higher than the ?oating gate voltage, current does not ?oW in 
the channel forming region 310. In contrast, When the thresh 
old voltage is less than the ?oating gate voltage, current ?oWs 
from the ?rst metal-containing source/drain region 306 to the 
second metal-containing source/ drain region 3 08. The shorter 
the length of the channel forming region 31 0, the narroWer the 
Width of the energy barrier of the schottky junction. Conse 
quently, current ?oW from the ?rst metal-containing source/ 
drain region 306 to the second metal-containing source/drain 
region 308 may be increased, thereby improving read e?i 
ciency of the device. Furthermore, since the ?rst metal-con 
taining source/drain region 306 and the second metal-con 
taining source/drain region 308 may be respective metal 
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8 
silicide regions, the resistances of the ?rst and second metal 
containing source/ drain regions 306 and 308 may be less than 
that of conventional impurity regions. 

FIGS. 5 through 10 are cross-sectional vieWs illustrating 
exemplary operations for fabricating STTM cells according 
to some embodiments of the present invention. 

Referring noW to FIG. 5, a p-type Well region 302 is formed 
on a semiconductor substrate 300. Then, an insulating layer, 
such as silicon oxide layer 312, is formed on the p-type Well 
region 302. The silicon oxide layer 312 may form the gate 
insulating layer of the planar transistor. Thereafter, a ?rst 
polysilicon layer 313, a ?rst silicon nitride layer 315, a second 
polysilicon layer 317, a second silicon nitride layer 319, a 
third polysilicon layer 321, a third silicon nitride layer 323, a 
fourth polysilicon layer 325, and a ?rst mask layer 510 are 
sequentially formed on the silicon oxide layer 312. The ?rst 
polysilicon layer 313 and the fourth polysilicon layer 325 
may be formed of a polysilicon layer that is heavily doped 
With n-type impurity ions. The second polysilicon layer 317 
and the third polysilicon layer 321 may be formed of an 
intrinsic polysilicon layer and/or a polysilicon layer doped 
With p-type impurity ions. 

Referring to FIG. 6, the ?rst mask layer 510 of FIG. 5 is 
patterned to form a mask layer pattern 51 1 that has an opening 
partially exposing a surface of the fourth polysilicon layer 
325. Using the mask layer pattern 511 as an etch mask, 
exposed portions of the fourth polysilicon layer 325, the third 
silicon nitride layer 323, the third polysilicon layer 321, the 
second silicon nitride layer 319, the second polysilicon layer 
317, the ?rst silicon nitride layer 315, the ?rst polysilicon 
layer 313, and the silicon oxide layer 312 are sequentially 
etched. Subsequently, an exposed portion of the p-type Well 
region 302 is also removed to a predetermined depth, forming 
a trench 610. After removing the mask layer pattern 511, the 
trench 610 is ?lled With an insulating layer, such as an oxide 
layer, thereby forming an isolation layer 304. 

Referring to FIG. 7, a metal silicide layer, such as a tung 
sten silicide layer, is formed on the fourth polysilicon layer 
325 shoWn in FIG. 6. Then, an insulating mask layer pattern 
328 formed by sequentially stacking a ?rst mask layer pattern 
328a and a second mask layer pattern 328!) is formed. The 
?rst mask layer pattern 328a may be a silicon nitride layer, 
and the second mask layerpattem 3281) may be a silicon oxide 
layer. Thereafter, etching is performed using the insulating 
mask layer pattern 328 as an etch mask. Consequently, a ?rst 
polysilicon layer pattern 314, a ?rst silicon nitride layer pat 
tern 316, a second polysilicon layer pattern 318, a second 
silicon nitride layer pattern 320, a third polysilicon layer 
pattern 322, a third silicon nitride layer pattern 324, a fourth 
polysilicon layer pattern 326a, and a tungsten silicide layer 
pattern 326!) are sequentially formed on the silicon oxide 
layer 312. The ?rst polysilicon layer pattern 314 forms a 
?oating gate conductive layer. The ?rst silicon nitride layer 
pattern 316, the second silicon nitride layer pattern 320, and 
the third silicon nitride layer pattern 324 form tunnel barrier 
layers. The second polysilicon layer pattern 318 and the third 
polysilicon layer pattern 322 form channel conductive layers. 
The fourth polysilicon layer pattern 326a and the tungsten 
silicide layer pattern 326!) form a data line conductive layer 
326. The tunnel barrier layers and the channel conductive 
layers form the multiple tunnel junction structure MT]. 

Referring to FIG. 8, a sideWall oxide layer 330 is formed as 
an insulating layer along sideWalls of the ?rst polysilicon 
layer pattern 314, the multiple tunnel junction structure MT], 
the data line conductive layer 326, and the insulating mask 
layer pattern 328. The sideWall oxide layer 330 may be 
formed via oxidation. An additional spacer layer 331 is then 
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formed on the sidewall oxide layer 330. The additional spacer 
layer 331 may be formed by forming an insulating layer on 
the entire surface of the structure, and then performing an 
etchback and cleaning process. Accordingly, the additional 
spacer layer 331 is formed as illustrated in FIG. 8, leaving the 
surface of the p-type Well region 302 partially exposed. 

Referring to FIG. 9, a metal layer 900 is formed on the 
entire surface of the structure. The metal layer 900 may be a 
Co layer, a Ni layer, an Er layer, or another metal layer. The 
metal layer 900 is directly on the exposed portion of the 
p-type Well region 302. Then, a silicidation process is per 
formed. More particularly, a thermal treatment is performed 
at a predetermined temperature to incite a silicide reaction on 
the contact portion betWeen the p-type Well region 302 and 
the metal layer 900. 

Referring to FIG. 10, the unreacted portions of metal layer 
900 are removed by Wet stripping. As such, a ?rst metal 
silicide region 306 and a second metal silicide region 308 are 
formed adjacent the upper surface of the p-type Well region 
302. The ?rst metal silicide region 306 and the second metal 
silicide region 308 respectively form the source region and 
the drain region for the planar transistor, and a portion ther 
ebetWeen forms the channel forming region 310. After 
removing the additional spacer layer 331, a control gate con 
ductive layer 332 is formed on the entire surface of the struc 
ture, thereby fabricating an STTM cell according to embodi 
ments of the present invention as illustrated in FIG. 3. 

In STTM cell structures according to embodiments of the 
present invention as described above, a source region and a 
drain region of a planar transistor may be formed by metal 
silicide regions. As such, a junction betWeen the source and 
drain regions and a channel forming region may form a schot 
tky junction. Accordingly, even When the length of the chan 
nel forming region is reduced, device performance may not be 
signi?cantly degraded. Rather, read e?iciency of the device 
may even be improved. In addition, the source/drain resis 
tance may be loWer than that of conventional impurity 
regions. Further, methods of fabricating STTM cell structures 
according to embodiments of the present invention may 
enable the production of STTM cells as described above 
using a silicidation process. 

While the present invention has been particularly shoWn 
and described With reference to exemplary embodiments 
thereof, it Will be understood by those of ordinary skill in the 
art that various changes in form and details may be made 
therein Without departing from the spirit and scope of the 
present invention as de?ned by the folloWing claims. 

That Which is claimed is: 
1. A method of forming a scalable tWo-transistor memory 

(STTM) device, comprising: 
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10 
forming a vertical transistor structure including a storage 

node on a semiconductor substrate and a tunnel junction 
structure on the storage node; 

forming a metal layer on a surface of the substrate adjacent 
respective opposite sides of the storage node; 

performing a silicidation process on the substrate including 
the metal layer on the surface thereof to form spaced 
apart metal silicide source/drain regions Without prior 
formation of implanted diffusion regions in the substrate 
adjacent the respective opposite sides of the storage 
node to de?ne a planar transistor including the storage 
node of the vertical transistor structure as a ?oating gate 
electrode that controls a channel region of the planar 
transistor; 

removing unreacted portions of the metal layer from the 
metal silicide source/drain regions at the surface of the 
substrate after performing the silicidation process; and 
then 

forming a control gate electrode on opposing sideWalls of 
the tunnel junction structure to de?ne a vertical transis 
tor, Wherein the control gate electrode controls a channel 
region of the vertical transistor. 

2. The method of claim 1, Wherein forming the vertical 
transistor structure comprises: 

forming the storage node on a surface of the substrate; 
forming the tunnel junction structure including a tunnel 

barrier layer and a channel conductive layer on the stor 
age node; and 

forming sideWall insulating layers on opposing sideWalls 
of the tunnel junction structure. 

3. The method of claim 1, Wherein the metal silicide 
source/drain regions are formed of, cobalt silicide, nickel 
silicide, and/or erbium silicide. 

4. The method of claim 1, Wherein forming the vertical 
transistor structure further comprises: 

forming a data line conductive layer on the tunnel junction 
structure. 

5. The method of claim 4, Wherein forming the tunnel 
junction structure comprises: 

alternately forming a plurality of tunnel barrier layers and 
channel conductive layers on the ?oating gate electrode. 

6. The method of claim 5, Wherein the storage node com 
prises a polysilicon layer doped With n-type impurity ions, 
Wherein the tunnel barrier layers comprise silicon nitride 
layers, Wherein the channel conductive layers comprise 
intrinsic polysilicon layers and/or polysilicon layers doped 
With p-type impurity ions, and Wherein the data line conduc 
tive layer comprises a polysilicon layer doped With n-type 
impurity ions and a metal silicide layer. 

* * * * * 


